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Figure 12 



Amino Acid Codon 

Phe UUU, UUC 

Ser UCU, UCC, UCA, UCG, AGU, AGC 

Tyr UAU, UAC 

Cys. UGU, UGC 

Leu UUA, UUG, CUU, CUC, CUA, CUG 

Trp UGG 

Pro CCU, CCC, CCA, CCG 

His CAU, CAC 

Arg CGU, CGC, CGA, CGG, AGA, AGG 

Gin CAA, CAG 

He AUU, AUC, AUA 

Thr ACU, ACC, ACA, ACG 

Asn AAU, AAC 

Lys AAA, AAG 

Met AUG 

Val GUU, GUC, GUA, GUG 

Ala GCU, GCC, GCA, GCG 

Asp GAU, GAC 

Gly GGU, GGC, GGA, GGG 

Glu GAA, GAG 
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Original 


Exemplary 


Preferred 


Residue 


Substitutions 


Substitutions 


Ala (A) 


val; leu; ile 


val 


Arg(R) 


lys; gin; asn 


lys 


Asn (N) 


gin; his; lys; arg 


gin 


Asp(D) 


glu 


glu 


Cys (C) 


ser 


ser 


Gln(Q) 


asn 


asn 


Glu(E) 


asp 


asp 


Gly (G) 


pro 


pro 


His (H) 


asn; gin; lys; arg 


arg 


Ile(Q 


leu; val; met; ala; phe 
norleucine 


leu 


Leu(L) 


norleucine; ile; val; met; 


ile 


ala; phe 




Lys(K) 


arg; gin; asn 


arg 


Met(M) 


leu; phe; ile 


leu 


Phe(F) 


leu; val; ile; ala 


leu 


Pro(P) 


giy 


giy 


Ser(S) 


thr 


thr 


Thr(T) 


ser 


ser 


Trp(W) 


tyr 


tyr 


Tyr(Y) 


trp; phe; thr; ser 


phe 


Val(V) 


ile; leu; met; phe; ala; 
norleucine 


leu 



ttcggcacgaggcgcggttgcacgtcggccccagccctgaggagccggaccgatgtggaaactgctgcccgccgcgggcc 
cggcaggaggagaaccatacagacttttgactggcgttgagtacgttgttggaaggaaaaactgtgccattctaattgaa 
aatgatcagtcgatcagccgaaatcatgctgtgttaactgctaacttttctgtaaccaacctgagtcaaacagatgaaat 
ccctgtattgacattaaaagataattctaagtatggtacctttgttaatgaggaaaaaatgcagaatggcttttcccgaa 
ctttgaagtcgggggatggtattacttttggagtgtttggaagtaaattcagaatagagtatgagcctttggttgcatgc 
tcttcttgtttagatgtctctgggaaaactgctttaaatcaagctatattgcaacttggaggatttactgtaaacaattg 
gacagaagaatgcactcaccttgtcatggtatcagtgaaagttaccattaaaacaatatgtgcactcatttgtggacgtc 
caattgtaaagccagaafcattttactgaattcctgaaagcagttcagtccaagaagcagcctccacaaattgaaagtttt 
tacccacctcttgatgaaccatctattggaagtaaaaatgttgatctgtcaggacggcaggaaagaaaacaaatcttcaa 
agggaaaacatttatatttttgaatgccaaacagcataagaaattgagttccgcagttgtctttggaggtggggaagcta 
ggttgataacagaagagaatgaagaagaacataatttctttttggctccgggaacgtgtgttgttgatacaggaataaca 
aactcacagaccttaattcctgactgtcagaagaaatggattcagtcaataatggatatgctccaaaggcaaggtcttag 
acc tat tec tgaagcagaaa t tggat tggcggtgat tt tea t gac tacaaagaa t tac tgtgatcc teagggeca tc cc a 
gtacaggattaaagacaacaactccaggaccaagcctttcacaaggcgtgtcagttgatgaaaaactaatgccaagcgcc 
ccagtgaacactacaacatacgtagctgacacagaatcagagcaagcagatacatgggatttgagtgaaaggccaaaaga 
aatcaaagtctccaaaatggaacaaaaattcagaatgctttcacaagacgcacccactgtaaaggagtcctgcaaaacaa 

gctctaataataatagtatggtatcaaatactttggctaagatgagaatcccaaactatcagctttcaccaactaaattg 
ccaagtataaataaaagtaaagatagggcttctcagcagcagcagaccaactccatcagaaactactttcagccgtctac 
caaaaaaagggaaagggatgaagaaaatcaagaaatgtcttcatgcaaatcagcaagaatagaaacgtcttgttctcttt 
tagaacaaacacaacctgctacaccctcattgtggaaaaataaggagcagcatctatctgagaatgagcctgtggacaca 
aactcagacaataacttatttacagatacagatttaaaatctattgtgaaaaattctgccagtaaatctcatgctgcaga 
aaagctaagatcaaataaaaaaagggaaatggatgatgtggccatagaagatgaagtattggaacagttattcaaggaca 
caaaaccagagttagaaattgatgtgaaagttcaaaaacaggaggaagatgtcaatgttagaaaaaggccaaggatggat 
atagaaacaaatgacactttcagtgatgaagcagtaccagaaagtagcaaaatatctcaagaaaatgaaattgggaagaa 
acgtgaactcaaggaagactcactatggtcagctaaagaaatatctaacaatgacaaacttcaggatgatagtgagatgc 
ttccaaaaaagctgttattgactgaatttagatcactggtgattaaaaactctacttccagaaatccgtctggcataaat 
gatgattatggtcaactaaaaaatttcaagaaattcaaaaaggtcacatatcctggagcaggaaaacttccacacatcat 
tggaggatcagatctaatagctcatcatgctcgaaagaatacagaactagaagagtggctaaggcaggaaatggaggtac 
aaaatcaacatgcaaaagaagagtctcttgctgatgatctttttagatacaatccttatttaaaaaggagaagataactg 
aggattttaaaaagaagccatggaaaaacttcctagtaagcatctacttcaggccaacaaggttatatgaatatatagtg 
tatagaagcgatttaagttacaatgttttatggcctaaatttattaaataaaatgcacaaaactttgattcttttgtatg 
taacaattgtttgtyctgttttcaggcttfcgtcattgcatctttttttcatttttaaatgtgttttgtttattaaatagt 
taatatagtcacagttcaaaattctaaatrtacgtaaggtaaaggactaaagtcacccttccaccattgtcctagctact 
tggttcccctcagaaaaaaattcatggatactcatttcttatgratctttccagggatttttgagtcctattcaaattcc 
tatttttaaataatttcctacacaaatgatagcataacatatgcagtgttctacaccttgcttttttacttagtaagatt 
aaaaattataggaatatcaatataatgtttttaatattttttcttttccattatgctgtagtcttacctaaactctggtg 
atccaaacaaaatggcttcagtggtgcagatgtcacctacatgttattctagtactagaaactgaagaccatgtggagac 
ttcatcaaacatgggtttagttttcaccagaatggaaagacctgtacccctttttggtggtcttactgagctgggtgggt 
gtctgttttgagcttatttagagtcctagttttcctacttataaagtagaaatggtgagattgttttctttttctacckt 
aaagggagatggtaagaaacaatgaatgtcttttttcaaactttattgacaagtgattttcaagtctgtgttcaaaaata 
tattcatgtacctgtgatccagcaagaagggagttccagtcaagagtcactacaactgattagttgtttagagaatgaga 
aatggaacagtgaggaatggaggccatatttccatgacttcccttgtaaacagaagcaacagaagggacaagaggctggc 
ctctacatcactctcaccttccaaatcttgtggaagtgcatctacttgccagaaccaaattaacttacttccaagttctg 
gctgcttgcaggtggaactccagctgcaagggagttagggaaatgaaggtctttttttaaaagcttctcagccttcctag 
ggaacagaaattgggtgagccaatctgcaatttctactacaggcattgagaccagttagattattgaaatattatagaga 
gttatgaacacttaaattatgatagtggtatgacattggatagaacatgggatactttagaagtagaattgacagggcat 
attagttgatgaaatggagtcatttgagtctyttaatagccatgtatcataattaccaagtgaagctggtggaacatatg 
gtctccattttacagttaaggaatataatggacagattaatattgttytctgtcatgcccacaatccctttctaaggaag 
actgccctactatagcagtttttatatttgtcaatttatgaatataatgaatgaggagttctggtacctcctgtctttac 
aaatattgggtgttgtccagtatttttccctttttaaccmttcccaattcgggtgtgtaggtggatgtttccatttgggt 
tttaatttgtatatccctgatagctataattgggtcatagaaattctttatacattctagatgcaagtctcttgycggat 
atacgtattgagatattacacctagtctgtggcttgactgttttctttatgtcttttgatgaatagaagttttaaatttt 
gacaaggtcaaatttatttttttcttttgtttgatattttttctctccaatttaaccccaagatttcagatattctgctc 
tattatataaactttatatttttatatttgtgatctaccttgaattgatatgtatgttgtgaattatggatcagggttct 
ttttttcccccatacaagtatccagtcattgtaacactgtttattgaaagaattatcctttcctcattaaattaccttgc 
caattagtaaaaaatcaattaaccatrmarnunmrrrggatccactagttctagagcggccgccaccgcggtggagctcca 
get 
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MWKLLPAAGPAGGEPYRLLTGVEYWGRKNCAILIE 

EKMQNGFSRTLKSGDGITFGVFGSKFRIEYEPLVACSSCLDVSGKTALN^ 

TICALICGRPIVKPEYFTEFLKAVQSKKQPPQIESFYPPLDEPSIGSKNVDLSGRQERKQIFKGKTFIFLNAKQHKKLSS 
AVVFGGGEARIjITEENEEEHNFFLiAPGTCVVIXrGITNSQTIjIPIX^QKK^ 

NYCDPQGHPSTGIjKTTTPGPSLSQGVSVDEKLMPSAPVNTTTYVADTESEQADTVroLSERPKEIKVSKM 

PTVKESCKTSSNNNSMVSNTIAKMRIPNYQLSPTKLPSINKSKDRASQQQQTNSIRNYFQPSTKKRERDEENQEMSSCKS 

ARIETSCSLLEQTQPATPSLWKNKEQHLSENEPViyrNSDNNDFTDTDLKSIVKNSASKSHAAEKLRSNKKREMDDVAIED 

EVIIEQLFKDTKPELEXDVKVQKQEEDVNVRKRPRMDIET^^3TFSDEAVPESSKISQENEIGKKREIJKEDSIJWSAKEISNN 

DKLQDDSEMLPKKLLLTEFRSLVIKNSTSRNPSGINDDYGQLKNFKKFKKVTYPGAGKLPHIIGGSDLIAHHARKNTELE 

EWLRQEMEVQNQHAKEESLADDLFRYNPYLKRRR . 
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